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"QSFOEJ[BKF 1SPGVOEP 	EFFQ MFBSOJOH


ŏ%FFQ MFBSOJOH BMMPXT DPNQVUBUJPOBM NPEFMT UIBU BSF DPNQPTFE PG
NVMUJQMF QSPDFTTJOH MBZFST UP MFBSO SFQSFTFOUBUJPOT PG EBUB XJUI
NVMUJQMF MFWFMT PG BCTUSBDUJPO�Ő
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"QSFOEJ[BKF 1SPGVOEP 	EFFQ MFBSOJOH


Ŕ $BTDBEB EF DBQBT EF QSPDFTBNJFOUP OP MJOFBM QBSB FYUSBFS Z
USBOTGPSNBS WBSJBCMFT�

Ŕ &OUSBEB B VOB DBQB � TBMJEB EF DBQB BOUFSJPS�
USBOTGPSNB SFQSFTFOUBDJ¯O FO VOB EF NBZPS OJWFM EF BCTUSBDDJ¯O

Ŕ .¶MUJQMFT OJWFMFT EF SFQSFTFOUBDJ¯O TF DPSSFTQPOEFO DPO EJGFSFOUFT
OJWFMFT EF BCTUSBDDJ¯O 	KFSBSRV©B EF DPODFQUPT
�

Ŕ Imágenes: 1JYFM ! CPSEFT ! QBSUFT ! PCKFUPT

Ŕ &OUSFOBNJFOUP EF QVOUB B QVOUB VUJMJ[BOEP VO DPOKVOUP EF FKFNQMPT
MMBNBEP EBUPT EF FOUSFOBNJFOUP



"QSFOEJ[BKF 1SPGVOEP 	EFFQ MFBSOJOH


Ŕ $BTDBEB EF DBQBT EF QSPDFTBNJFOUP OP MJOFBM QBSB FYUSBFS Z
USBOTGPSNBS WBSJBCMFT�

Ŕ &OUSBEB B VOB DBQB � TBMJEB EF DBQB BOUFSJPS�
USBOTGPSNB SFQSFTFOUBDJ¯O FO VOB EF NBZPS OJWFM EF BCTUSBDDJ¯O

Ŕ .¶MUJQMFT OJWFMFT EF SFQSFTFOUBDJ¯O TF DPSSFTQPOEFO DPO EJGFSFOUFT
OJWFMFT EF BCTUSBDDJ¯O 	KFSBSRV©B EF DPODFQUPT
�

Ŕ Imágenes: 1JYFM ! CPSEFT ! QBSUFT ! PCKFUPT

Ŕ &OUSFOBNJFOUP EF QVOUB B QVOUB VUJMJ[BOEP VO DPOKVOUP EF FKFNQMPT
MMBNBEP EBUPT EF FOUSFOBNJFOUP



"QSFOEJ[BKF 1SPGVOEP 	EFFQ MFBSOJOH


Ŕ $BTDBEB EF DBQBT EF QSPDFTBNJFOUP OP MJOFBM QBSB FYUSBFS Z
USBOTGPSNBS WBSJBCMFT�

Ŕ &OUSBEB B VOB DBQB � TBMJEB EF DBQB BOUFSJPS�
USBOTGPSNB SFQSFTFOUBDJ¯O FO VOB EF NBZPS OJWFM EF BCTUSBDDJ¯O

Ŕ .¶MUJQMFT OJWFMFT EF SFQSFTFOUBDJ¯O TF DPSSFTQPOEFO DPO EJGFSFOUFT
OJWFMFT EF BCTUSBDDJ¯O 	KFSBSRV©B EF DPODFQUPT
�

Ŕ Imágenes: 1JYFM ! CPSEFT ! QBSUFT ! PCKFUPT

Ŕ &OUSFOBNJFOUP EF QVOUB B QVOUB VUJMJ[BOEP VO DPOKVOUP EF FKFNQMPT
MMBNBEP EBUPT EF FOUSFOBNJFOUP



"QSFOEJ[BKF 1SPGVOEP 	EFFQ MFBSOJOH


Ŕ $BTDBEB EF DBQBT EF QSPDFTBNJFOUP OP MJOFBM QBSB FYUSBFS Z
USBOTGPSNBS WBSJBCMFT�

Ŕ &OUSBEB B VOB DBQB � TBMJEB EF DBQB BOUFSJPS�
USBOTGPSNB SFQSFTFOUBDJ¯O FO VOB EF NBZPS OJWFM EF BCTUSBDDJ¯O

Ŕ .¶MUJQMFT OJWFMFT EF SFQSFTFOUBDJ¯O TF DPSSFTQPOEFO DPO EJGFSFOUFT
OJWFMFT EF BCTUSBDDJ¯O 	KFSBSRV©B EF DPODFQUPT
�

Ŕ Imágenes: 1JYFM ! CPSEFT ! QBSUFT ! PCKFUPT

Ŕ &OUSFOBNJFOUP EF QVOUB B QVOUB VUJMJ[BOEP VO DPOKVOUP EF FKFNQMPT
MMBNBEP EBUPT EF FOUSFOBNJFOUP



"QSFOEJ[BKF 1SPGVOEP 	EFFQ MFBSOJOH


Ŕ $BTDBEB EF DBQBT EF QSPDFTBNJFOUP OP MJOFBM QBSB FYUSBFS Z
USBOTGPSNBS WBSJBCMFT�

Ŕ &OUSBEB B VOB DBQB � TBMJEB EF DBQB BOUFSJPS�
USBOTGPSNB SFQSFTFOUBDJ¯O FO VOB EF NBZPS OJWFM EF BCTUSBDDJ¯O

Ŕ .¶MUJQMFT OJWFMFT EF SFQSFTFOUBDJ¯O TF DPSSFTQPOEFO DPO EJGFSFOUFT
OJWFMFT EF BCTUSBDDJ¯O 	KFSBSRV©B EF DPODFQUPT
�

Ŕ Imágenes: 1JYFM ! CPSEFT ! QBSUFT ! PCKFUPT

Ŕ &OUSFOBNJFOUP EF QVOUB B QVOUB VUJMJ[BOEP VO DPOKVOUP EF FKFNQMPT
MMBNBEP EBUPT EF FOUSFOBNJFOUP



Ŕ 3FQSFTFOUBDJPOFT JOUFSNFEJBT� 3FUJOB � -(/ � 7� � 7� � 7� � 1*5 � "*5

Ŕ %FM PSEFO EF ������� NJMMPOFT EF OFVSPOBT

Ŕ $FSFCSP IVNBOP OP GVODJPOB DPNP MBT SFEFT EF %FFQ -FBSOJOH



"QSFOEJ[BKF no QSPGVOEP

3FDPOPDJNJFOUP EF JN�HFOFT
 QSJODJQJPT EFM ���� IBTUB FM �����

&KFNQMP UPNBEP EF DIBSMBT EF :� -FDVO�



"QSFOEJ[BKF no QSPGVOEP

3FDPOPDJNJFOUP EF JN�HFOFT
 QSJODJQJPT EFM ���� IBTUB FM �����

Diseñadas artesanalmente (a mano)

&KFNQMP UPNBEP EF DIBSMBT EF :� -FDVO�



#SFWF IJTUPSJB EFM 	¶MUJNP
 SFTVSHJNJFOUP
EF MBT SFEFT OFVSPOBMFT



1FSDFQUS¯O 	����


Ŕ $SFBEB QPS 3PTFOCMBUU
 ����
 FO 6OJWFSTJEBE $PSOFMM

Ŕ %F MBT QSJNFSBT ŏN�RVJOBTŐ DBQBDFT EF ŏBQSFOEFSŐ

Ŕ 6OB ¶OJDB DBQB 	TFQBSB EBUPT MJOFBMNFOUF TFQBSBCMFT


Ŕ .PEFMP BDUVBM FT TJNJMBS 	QFSP NVMUJ�DBQB


3PTFOCMBUU
 ����



.BSWJO .JOTLZ Z 4FZNPVS 1BQFSU 	����


Ŕ 6OB N�RVJOB T¯MP QVFEF reconocer MP RVF
TBCF representar

Ŕ 1FSDFQUSPOFT T¯MP QVFEFO SFQSFTFOUBS
QBUSPOFT MJOFBMNFOUF TFQBSBCMFT

Ŕ /P QVFEFO SFQSFTFOUBS 903
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&O MPT ��T

1SJNFSB SFE DPOWPMVDJPOBM FOUSFOBEB DPO CBDLQSPQBHBUJPO

-F $VO
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 *� (VZPO
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&O MPT ��T

Ŕ &O MPT ō�� SFTPMW©B QSPCMFNBT QS�DUJDPT serios 	SFDPOPDJNJFOUP EF
E©HJUPT


Ŕ &O PUSPT EPNJOJPT FSB UBNCJ¥O DPNQFUJUJWB
 QFSP OP TF VTP FO
QSPEVDDJ¯O

-F/FU��
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4F DPOTPMJEB FM U¥SNJOP %FFQ
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"OUFT EFM ����

Ŕ 3FTVMUBEPT DPNQFUJUJWPT

Ŕ 5SBCBKPT DPO SFEFT OFVSPOBMFT FSBO minoría

'BDF EFUFDUJPO <7BJMMBOU FU BM ō��
ō�� � 0TBEDIZ FU BM
 ō��
 ō��
 ō��>



"OUFT EFM ����

Principales razones de su falta de popularidad:

Ŕ %FNBTJBEPT QBS�NFUSPT QBSB BQSFOEFS 	NJMMPOFT
�
ŏ:P DPOP[DP FM QSPCMFNB
 NJT GFBUVSFT TPO NFKPSFT�Ő

Ŕ {0QUJNJ[BDJ¯O no convexa 6ŢG

Ŕ .PEFMP EF DBKB�OFHSB� no se puede interpretar�

Ŕ %JţDVMUBE QBSB PCUFOFS�SFQSPEVDJS SFTVMUBEPT
 GBMUB EF
bibliotecas de código sólidas.
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1SJNFS CSFBL�UISPVHI� 3FDPOPDJNJFOUP EF WP[

Ŕ /VFWP N¥UPEP FO CBTF B SFEFT QSPGVOEBT QSPEVDF FYDFMFOUF SFTVMUBEPT

Ŕ *ODMVJEP FO "OESPJE FO �����
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ŏ%FFQ CFMJFG OFUXPSLT GPS QIPOF SFDPHOJUJPO�Ő /*14
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ImageNet -BSHF 4DBMF 7JTVBM 3FDPHOJUJPO $PNQFUJUJPO

$PNQFUFODJB EF SFDPOPDJNJFOUP EF PCKFUPT

Ŕ ���� DBUFHPS©BT EF JN�HFOFT� ��� NJMMPOFT EF
JN�HFOFT EF FOUSFOBNJFOUP

Ŕ 3FTQVFTUB DPSSFDUB FOUSF MBT QSJNFSBT � JN�HFOFT�

5¥DOJDBT RVF VTBO %- � 0USPT N¥UPEPT

,SJ[IFWTLZ
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3FEFT /FVSPOBMFT 1SFBMJNFOUBEBT

Ŕ Redes neuronales GFFEGPSXBSE P QFSDFQUSPOFT NVMUJDBQB
CBTF EFM "QSFOEJ[BKF 1SPGVOEP�

Ŕ .BQFP Ẑ = G(x; ✓) GPSNBEP QPS DBQBT 	JN�HFOFT FO DBUFHPS©BT


G(x) := G(O)
⇣
G(O�1)

⇣
· · · G(2)

⇣
G(1) (x)

⌘
· · ·
⌘⌘

,

EPOEF G(1) FT MB QSJNFSB DBQB
 G(2) MB TFHVOEB ���

Ŕ *OGPSNBDJ¯O ŤVZF sin FYJTUJS DPOFYJPOFT EF SFBMJNFOUBDJ¯O�
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$BEB DBQB FTU� GPSNBEB QPS neuronas

Ŕ $BEB FMFNFOUP EF VOB DBQB TF MMBNB neurona P VOJEBE� %BEB VOB
FOUSBEB WFDUPSJBM x DBMDVMB VOB TBMJEB VOJEJNFOTJPOBM I(x)�

Ŕ $PNQVFTUB QPS� PQFSBDJ¯O MJOFBM � GVODJ¯O EF BDUJWBDJ¯O OP MJOFBM�

I(x) = H

 
OX

J=1

XJYJ + C

!

H(·) � OP�MJOFBMJEBE
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/FVSPOBT BSUJŧDJBMFT

Ŕ 6OB OFVSPOB TF DPNQPOF 	FO HFOFSBM
 EF� VOB PQFSBDJ¯O MJOFBM �
VOB GVODJ¯O EF BDUJWBDJ¯O OP MJOFBM�

� 1SF�BDUJWBDJ¯O�

B(x) =
O�1X

J=1

XJYJ+C = w5x+C

� "DUJWBDJ¯O 	TBMJEB
�

I(x) = H(B(x)) = H

 
O�1X

J=1

XJYJ + C

!
x1

xn

input 

1
b

w
1

w
d

h(x)



/FVSPOBT BSUJŧDJBMFT
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3FE GFFEGPSXBSE EF VOB DBQB PDVMUB

Ŕ &OUSBEB� x

Ŕ 1SF�BDUJWBDJ¯O�

a = W(1)5x+ b(1)

Ŕ "DUJWBDJ¯O DBQB PDVMUB�

h(x) = H(a(x))

Ŕ $BQB EF TBMJEB�

G(x) = w(2)5h(1) + C(2)

h1

hi

hd

f(x)

x1

xj

xn

W(1)

W(1)

W(1)
w(2)

w(2)

w(2)

1,1

j,i

2,1

1

i

d

input layer hidden layer

output layer

1 b(1)1

1
b(2)



"SRVJUFDUVSB EF SFE EFFQ GFFEGPSXBSE

3FE DPO L DBQBT PDVMUBT�

Ŕ &OUSBEB� x

Ŕ 1SF�BDUJWBDJ¯O DBQB (K)�

a(K)(x) =
⇣
W(K)5h(K�1) + b(K)

⌘

Ŕ 4BMJEB DBQB 	K
�

h(K)(x) = H(a(K)(x)

Ŕ 4BMJEB EF MB SFE 	DBQB -+ 1
�

G(x) =
⇣
w(-+1)5h(-) + C(-+1)

⌘

h(1)

h(1)

h(1)

h(2)

f(x)

x1

x2

x3

W(1)

W(1) W(2)

w(3)

w(3)

w(3)

1

2

3

4

1

2

3

1,1

3,3

2,1

3,4

1

2

4

input layer

1st hidden 
layer

2nd hidden 
layer

output layer

1 b(1)1
1 b(2)1

1
b(3)h(2)

h(2)

h(2)

W(2)
1,1

W(1)

Ŕ $BQBT UPUBMNFOUF DPOFDUBEBT �
“Fully-connected layers”



"QSFOEJ[BKF CBTBEP FO 0QUJNJ[BDJ¯O

Ŕ %FţOJNPT BSRVJUFDUVSB 	DBQBT
 OVN� OFVSPOBT
 OP�MJOFBMJEBE


Ŕ 5FOFNPT RVF FODPOUSBS MPT QBS�NFUSPT EF MB SFE 	J�F�
 ✓


Ŕ %BEP VO DPOKVOUP EF EBUPT EF FOUSFOBNJFOUP
{(x1, Z1), . . . , (x1, Z1)}
 TF GPSNVMB DPNP VOB PQUJNJ[BDJ¯O

EPOEF TF CVTDB NJOJNJ[BS VO DPTUP EF BKVTUF - 	MPTT


✓̂ = BSHNJO
✓

OX

J=1

-J(G(xJ; ✓), ZJ)

Ŕ 4F SFTVFMWF NFEJBOUF EFTDFOTP QPS HSBEJFOUF 	FTUPD�TUJDP


✓U+1 = ✓U � ⌘r✓-(✓U)

Ŕ "MHPSJUNP EF #BDLQSPQBHBUJPO QBSB DBMDVMBS HSBEJFOUF
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-J(G(xJ; ✓), ZJ)

Ŕ 4F SFTVFMWF NFEJBOUF EFTDFOTP QPS HSBEJFOUF 	FTUPD�TUJDP


✓U+1 = ✓U � ⌘r✓-(✓U)

Ŕ "MHPSJUNP EF #BDLQSPQBHBUJPO QBSB DBMDVMBS HSBEJFOUF



"QSFOEJ[BKF CBTBEP FO 0QUJNJ[BDJ¯O

Ŕ %FţOJNPT BSRVJUFDUVSB 	DBQBT
 OVN� OFVSPOBT
 OP�MJOFBMJEBE


Ŕ 5FOFNPT RVF FODPOUSBS MPT QBS�NFUSPT EF MB SFE 	J�F�
 ✓
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 TF GPSNVMB DPNP VOB PQUJNJ[BDJ¯O

EPOEF TF CVTDB NJOJNJ[BS VO DPTUP EF BKVTUF - 	MPTT


✓̂ = BSHNJO
✓

OX

J=1

-J(G(xJ; ✓), ZJ)

Ŕ 4F SFTVFMWF NFEJBOUF EFTDFOTP QPS HSBEJFOUF 	FTUPD�TUJDP
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"QSFOEJ[BKF CBTBEP FO 0QUJNJ[BDJ¯O

Ŕ %FţOJNPT BSRVJUFDUVSB 	DBQBT
 OVN� OFVSPOBT
 OP�MJOFBMJEBE


Ŕ 5FOFNPT RVF FODPOUSBS MPT QBS�NFUSPT EF MB SFE 	J�F�
 ✓


Ŕ %BEP VO DPOKVOUP EF EBUPT EF FOUSFOBNJFOUP
{(x1, Z1), . . . , (x1, Z1)}
 TF GPSNVMB DPNP VOB PQUJNJ[BDJ¯O

EPOEF TF CVTDB NJOJNJ[BS VO DPTUP EF BKVTUF - 	MPTT


✓̂ = BSHNJO
✓

OX

J=1

-J(G(xJ; ✓), ZJ)

Ŕ 4F SFTVFMWF NFEJBOUF EFTDFOTP QPS HSBEJFOUF 	FTUPD�TUJDP


✓U+1 = ✓U � ⌘r✓-(✓U)

Ŕ "MHPSJUNP EF #BDLQSPQBHBUJPO QBSB DBMDVMBS HSBEJFOUF



%FTDFOTP QPS HSBEJFOUF

"VUPS� EFTDPOPDJEP



5FPSFNB EF "QSPYJNBDJ¯O 6OJWFSTBM

5FPSFNB 	$ZCFOLP
 ����� )PSOJL ����


ő6OB SFE OFVSPOBM QSFBMJNFOUBEB DPO VOB ¸OJDB DBQB PDVMUB Z VO
O¸NFSP ŧOJUP EF OFVSPOBT
 QVFEF BQSPYJNBS DVBMRVJFS GVODJ±O
DPOUJOVB FO VO FTQBDJP DPNQBDUP EF ROŒ�

Ŕ $PO MPT QBSBN¥USPT BEFDVBEPT
 TF QVFEF SFQSFTFOUBS VOB HSBO
WBSJFEBE EF GVODJPOFT

Ŕ &M UFPSFNB OP IBCMB EF D¯NP BQSFOEFS MPT QBS�NFUSPT

Ŕ (FPSHF $ZCFOLP FO ���� QBSB GVODJ¯O EF BDUJWBDJ¯O TJHNPJEF

Ŕ ,VSU )PSOJL MP FYUJFOEF FO ����
 B GVODJPOFT HFOFSBMFT
 MP JNQPSUBOUF
FT MB BSRVJUFDUVSB GFFEGPXBSE OP MB GVODJ¯O EF BDUJWBDJ¯O



{1PS RV¥ VTBS SFEFT QSPGVOEBT 

-PT EBUPT 	FO HFOFSBM
 UJFOFO VOB PSHBOJ[BDJ¯O KFS�SRVJDB



{1PS RV¥ VTBS SFEFT QSPGVOEBT 

/VFTUSB WJTJ¯O UJFOF VOB PSHBOJ[BDJ¯O KFS�SRVJDB



{1PS RV¥ VTBS SFEFT QSPGVOEBT 

3FEFT QPDP QSPGVOEBT JOFţDJFOUFT QBSB SFQSFTFOUBS GVODJPOFT
DPNQMFKBT

Montufar et al. [2014], ő3FE OFVSPOBM 	3F-V

 DPO
DPO E FOUSBEBT
 - DBQBT
 O VOJEBEFT QPS DBQB PDVMUB

QVFEF DBMDVMBS GVODJPOFT DPO�

0

0

@
 
O
E

!E(-�1)

OE

1

A ,

SFHJPOFT MJOFBMFT�Œ

Ŕ /¶NFSP EF SFHJPOFT DSFDF EF NBOFSB FYQPOFODJBM DPO
QSPGVOEJEBE - Z QPMJOPNJBM DPO O
 	N�T S�QJEP RVF SFE EF VOB
DBQB DPO O- OFVSPOBT
�



{$V�M FT FM QSPCMFNB EF MBT SFEFT GVMMZ DPOOFDUFE 

Ŕ {$V�OUPT QBS�NFUSPT UJFOF FTUB SFE 

Ŕ 3%2 + %

Ŕ 4J UFOFNPT VOB JNBHFO QFRVF­B ��Y��

Ŕ 3⇥ (322)2 + 322 ⇡ 3⇥ 106

Ŕ Difícil de entrenar� TPCSFBKVTUF
 JOJDJBMJ[BDJ¯O

Ŕ Redes de Convolución: QFSNJUFO EJTNJOVJS
O¶NFSP EF QBS�NFUSPT GPS[BOEP JOWBSJBO[BT

4MJEFT BEBQUBEBT EF 3JDIBSE &� 5VSOFS
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{$V�M FT FM QSPCMFNB EF MBT SFEFT GVMMZ DPOOFDUFE 

Ŕ {$V�OUPT QBS�NFUSPT UJFOF FTUB SFE 

Ŕ 3%2 + %

Ŕ 4J UFOFNPT VOB JNBHFO QFRVF­B ��Y��

Ŕ 3⇥ (322)2 + 322 ⇡ 3⇥ 106

Ŕ Difícil de entrenar� TPCSFBKVTUF
 JOJDJBMJ[BDJ¯O

Ŕ Redes de Convolución: QFSNJUFO EJTNJOVJS
O¶NFSP EF QBS�NFUSPT GPS[BOEP JOWBSJBO[BT

4MJEFT BEBQUBEBT EF 3JDIBSE &� 5VSOFS



)VCFM Z 8JFTFM � ����

Base neurológica de la percepción visual

)VCFM
 %BWJE )�
 BOE 5PSTUFO /� 8JFTFM� 5IF +PVSOBM PG QIZTJPMPHZ
 ����
ŏ3FDFQUJWF ţFMET
 CJOPDVMBS JOUFSBDUJPO BOE GVODUJPOBM BSDIJUFDUVSF JO UIF DBUōT WJTVBM DPSUFY�Ő



)VCFM Z 8JFTFM � ����

Base neurológica de la percepción visual

&M FYQFSJNFOUP EFM HBUP

)VCFM
 %BWJE )�
 BOE 5PSTUFO /� 8JFTFM� 5IF +PVSOBM PG QIZTJPMPHZ
 ����
ŏ3FDFQUJWF ţFMET
 CJOPDVMBS JOUFSBDUJPO BOE GVODUJPOBM BSDIJUFDUVSF JO UIF DBUōT WJTVBM DPSUFY�Ő



)VCFM Z 8JFTFM � ����

Base neurológica de la percepción visual

)VCFM
 %BWJE )�
 BOE 5PSTUFO /� 8JFTFM� 5IF +PVSOBM PG QIZTJPMPHZ
 ����
ŏ3FDFQUJWF ţFMET
 CJOPDVMBS JOUFSBDUJPO BOE GVODUJPOBM BSDIJUFDUVSF JO UIF DBUōT WJTVBM DPSUFY�Ő

https://www.youtube.com/watch?v=IOHayh06LJ4


)VCFM Z 8JFTFM � ����

Base neurológica de la percepción visual

&M FYQFSJNFOUP EFM HBUP

)VCFM
 %BWJE )�
 BOE 5PSTUFO /� 8JFTFM� 5IF +PVSOBM PG QIZTJPMPHZ
 ����
ŏ3FDFQUJWF ţFMET
 CJOPDVMBS JOUFSBDUJPO BOE GVODUJPOBM BSDIJUFDUVSF JO UIF DBUōT WJTVBM DPSUFY�Ő



3FEFT OFVSPOBMFT EF DPOWPMVDJ¯O 	$//


1SPCMFNBT EF WJTJ¯O TPO NVZ EJG©DJMFT� TF SFRVJFSFO JOWBSJBO[BT B
EJTUJOUBT USBOTGPSNBDJPOFT 	QVOUP EF WJTUB
 JMVNJOBDJ¯O
��


%PT HSBOEFT DBNJOPT�

� Aprender MBT JOWBSJBO[BT B QBSUJS EF VO 	FOPSNF
 DPOKVOUP EF
VO FOUSFOBNJFOUP 	MFU UIF EBUB UBML


� Construir MBT JOWBSJBO[BT JNQPOJFOEP VO NPEFMP FO MB
SFQSFTFOUBDJ¯O

'SBODFTDP 1FSJ
 )JEEFO $BU � 1FOOZ $ISJTUJOB (BOEPMGP
 $BU JO UIF CPY .BUUFP
 IJEJOH (SBIGPSE
 )JEEFO $BU



3FEFT $POWPMVDJPOBMFT� .PUJWBDJ¯O

� &TUBE©TUJDBT FO JN�HFOFT TPO JOWBSJBOUFT B USBTMBDJPOFT

Ŕ *NQPOFS JOWBSJBO[B B USBTMBDJ¯O FO FM NPEFMP 	FO MVHBS EF BQSFOEFSMB

Ŕ #BKB FM O¶NFSP EF QBS�NFUSPT� 4F DPNQBSUFO QFTPT

� $BSBDUFS©TUJDBT EF CBKP OJWFM TPO MPDBMFT 	EFUFDUPS EF CMPCT
 CPSEFT


Ŕ *NQPOFS MPDBMJEBE FO FM NPEFMP� DPOFDUJWJEBE MPDBM 	TPQPSUF EFM ţMUSP

Ŕ #BKB FM O¶NFSP EF QBS�NFUSPT� /¶DMFPT QFRVF­PT

� 4F FTQFSB RVF DBSBDUFS©TUJDBT EF BMUP OJWFM TFBO HSVFTBT 	CJPMPH©B


Ŕ 4F QVFEF TVCNVFTUSFBS B NFEJEB RVF BVNFOUB MB QSPGVOEJEBE FO MB SFE
Ŕ #BKB 	B¶O N�T
 FM O¶NFSP EF QBS�NFUSPT
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3FEFT $POWPMVDJPOBMFT� .PUJWBDJ¯O

� &TUBE©TUJDBT FO JN�HFOFT TPO JOWBSJBOUFT B USBTMBDJPOFT
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 CPSEFT
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$BQB EF $POWPMVDJ¯O



$BQB EF $POWPMVDJ¯O

input: M x N x C

   filter
    d x d x c

M

N

C

Convolución EF JNBHFO EF FOUSBEB

	UFOTPS
 Z ţMUSP 	QSPEVDUPT JOUFSOPT FO

DBEB QPTJDJ¯O EF MB JNBHFO




$BQB EF $POWPMVDJ¯O

input: M x N x C

   filter
    d x d x c

M

N

C

depth
wid

th
he

igh
t

Convolución EF JNBHFO EF FOUSBEB

	UFOTPS
 Z ţMUSP 	QSPEVDUPT JOUFSOPT FO

DBEB QPTJDJ¯O EF MB JNBHFO




$BQB EF $POWPMVDJ¯O

   filter
    d x d x c

input: M x N x C

   filter
    d x d x c

M

N

C

scalar

Convolución EF JNBHFO EF FOUSBEB

	UFOTPS
 Z ţMUSP 	QSPEVDUPT JOUFSOPT FO

DBEB QPTJDJ¯O EF MB JNBHFO


B = X>Y + C

XY

B



$BQB EF $POWPMVDJ¯O

   filter
    d x d x c

input: M x N x C

   filter
    d x d x c

M

N

C

scalar

Convolución EF JNBHFO EF FOUSBEB

	UFOTPS
 Z ţMUSP 	QSPEVDUPT JOUFSOPT FO

DBEB QPTJDJ¯O EF MB JNBHFO


B = X>Y + C
QSPEVDUP JOUFSOP FOUSF WFDUPSFT EF

EJNFOTJ¯O 75 	5⇥ 5⇥ 3 
� CJBT ! escalar

X
5Y5Y3

Y
5Y5Y3

B



$BQB EF $POWPMVDJ¯O

activation map 
(M-d+1) x (N-d+1) x 1

N-d+1

M-d+1

1

   filter
    d x d x c

input: M x N x C

   filter
    d x d x c

M

N

C B = X>Y + C

X
5Y5Y3

Y
5Y5Y3

B



$BQB EF $POWPMVDJ¯O

activation map 
(M-d+1) x (N-d+1) x 2

N-d+1

M-d+1

1

   filter
    d x d x c

input: M x N x C

   filter
    d x d x c

M

N

C BJ = X>
J Y + C

XJ

5Y5Y3
Y
5Y5Y3

BJ



$BQB EF $POWPMVDJ¯O

activation map 
(M-d+1) x (N-d+1) x 3

N-d+1

M-d+1

1

   filter
    d x d x c

input: M x N x C

   filter
    d x d x c

M

N

C BJ = X>
J Y + C

XJ

5Y5Y3
Y
5Y5Y3

BJ



$BQB EF $POWPMVDJ¯O

activation map = 
"new image"

filters
input: M x N x C

M

N

C

N-d+1

M-d+1

activation map 
(M-d+1) x (N-d+1) x m

BJ = X>
J Y + C

BJ



$BQB EF $POWPMVDJ¯O

activation map = 
"new image"

filters
input: M x N x C

M

N

C

N-d+1

M-d+1

activation map 
(M-d+1) x (N-d+1) x m

BJ = X>
J Y + C

IJ = H(BJ)

IJ



$BQB EF $POWPMVDJ¯O� $POWPMVDJ¯O � "DUJWBDJ¯O

input: M x N x C

M

N

C output layer
(M-d+1) x (N-d+1) x m

N-d+1

M-d+1
activation 
function 
(ReLu)

activation map



$BQB EF $POWPMVDJ¯O� $POWPMVDJ¯O � "DUJWBDJ¯O

conv-layer 
conv + relu

conv-layer-1 conv-layer-2 conv-layer-3 conv-layer-ninput

conv-layer 
conv + relu



$BQBT EF $POWPMVDJ¯O� 0CTFSWBDJPOFT

Ŕ Representaciones: $BQBT EF DPOWPMVDJ¯O QFSNJUFO NBOFKBS
EBUPT EF EJGFSFOUF UBNB­P 	F�H�
 JN�HFOFT

 TJO OFDFTJEBE EF
DBNCJBS MB SFE

Ŕ Pesos compartidos: 1FTPT EF MBT DBQBT EF DPOWPMVDJ¯O 	ţMUSPT

TF SFVUJMJ[BO FO WBSJPT FMFNFOUPT EF MB FOUSBEB�

Ŕ Conexiones locales: -B DPOFDUJWJEBE EF VO FMFNFOUP FO MB
TBMJEB FTU� EBEB QPS FM TPQPSUF EFM ţMUSP 	QFRVF­P
�

Ŕ Equivarianza: 4J USBTMBEBNPT MB FOUSBEB
 MB TBMJEB TF USBTMBEBEB�



$BQB EF $POWPMVDJ¯O� 0CTFSWBDJPOFT

Campo Receptivo (SFDFQUJWF ţFME): 7BSJBT DBQBT EF DPOWPMVDJ¯O
DPO ţMUSPT QFRVF­PT ! "VNFOUB FM DBNQP SFDFQUJWP
�



$BQB EF $POWPMVDJ¯O� 0CTFSWBDJPOFT

Campo Receptivo (SFDFQUJWF ţFME): 7BSJBT DBQBT EF DPOWPMVDJ¯O
DPO ţMUSPT QFRVF­PT ! "VNFOUB FM DBNQP SFDFQUJWP
�



$BQB EF $POWPMVDJ¯O� 0CTFSWBDJPOFT

Campo Receptivo (SFDFQUJWF ţFME): 7BSJBT DBQBT EF DPOWPMVDJ¯O
DPO ţMUSPT QFRVF­PT ! "VNFOUB FM DBNQP SFDFQUJWP
�

DBNQP SFDFQUJWP



$BQB EF 1PPMJOH

Ŕ $PNQSJNF 	TVC�NVFTUSFP
 EF MB SFQSFTFOUBDJ¯O
Ŕ 0QFSB FO DBEB NBQB EF BDUJWBDJ¯O 	DBOBM
 QPS TFQBSBEP



$BQB EF 1PPMJOH

Ŕ $PNQSJNF 	TVC�NVFTUSFP
 EF MB SFQSFTFOUBDJ¯O
Ŕ 0QFSB FO DBEB NBQB EF BDUJWBDJ¯O 	DBOBM
 QPS TFQBSBEP

M x N x C

M/2 x N/2 x C

pooling



$BQB EF 1PPMJOH

Ŕ $PNQSJNF 	TVC�NVFTUSFP
 EF MB SFQSFTFOUBDJ¯O
Ŕ 0QFSB FO DBEB NBQB EF BDUJWBDJ¯O 	DBOBM
 QPS TFQBSBEP

3 4 -2 -1
-2 0 1 2
1 -2 2 6
0 8 3 5

4 2
8 6max pooling

soporte: 2x2
paso (stride): 2



$BQB EF 1PPMJOH

Ŕ $PNQSJNF 	TVC�NVFTUSFP
 EF MB SFQSFTFOUBDJ¯O
Ŕ 0QFSB FO DBEB NBQB EF BDUJWBDJ¯O 	DBOBM
 QPS TFQBSBEP

3 4 -2 -1
-2 0 1 2
1 -2 2 6
0 8 3 5

1.25 0

1.75 4

avg pooling
soporte: 2x2
paso (stride): 2



-FOFU�� � ����

-F$VO
 :�
 #PUUPV
 -�
 #FOHJP
 :� BOE )BŢOFS
 1�
ŏ(SBEJFOU�CBTFE MFBSOJOH BQQMJFE UP EPDVNFOU SFDPHOJUJPO�Ő 1SPD� *&&& 	����
�



"MFY/FU � ����

,SJ[IFWTLZ
 "MFY
 *MZB 4VUTLFWFS
 (FPŢSFZ &� )JOUPO�
Ő*NBHFOFU DMBTTJţDBUJPO XJUI EFFQ DPOWPMVUJPOBM OFVSBM OFUXPSLT�Ő
 /*14 ����� 	��L DJUBT




"MFY/FU � ����

,SJ[IFWTLZ
 "MFY
 *MZB 4VUTLFWFS
 (FPŢSFZ &� )JOUPO�
Ő*NBHFOFU DMBTTJţDBUJPO XJUI EFFQ DPOWPMVUJPOBM OFVSBM OFUXPSLT�Ő
 /*14 ����� 	��L DJUBT




$BQBT EF $POWPMVDJ¯O � .BQBT EF "DUJWBDJ¯O

Primera capa� *OGPSNBDJ¯O EF CBKP OJWFM 	CPSEFT


"MFY/FU � DPOW� � �� ţMUSPT
:PTJOTLJ
 +�
 $MVOF
 +�
 /HVZFO
 "�
 'VDIT
 5� BOE -JQTPO
 )�

ŏ6OEFSTUBOEJOH OFVSBM OFUXPSLT UISPVHI EFFQ WJTVBMJ[BUJPO�Ő *$.- %- 8PSLTIPQ 
 ����



$BQBT EF $POWPMVDJ¯O � .BQBT EF "DUJWBDJ¯O

Capas intermedias� *OGPSNBDJ¯O EF BMUP OJWFM 	DBSBT


"MFY/FU � DPOW� � ��� ţMUSPT
:PTJOTLJ
 +�
 $MVOF
 +�
 /HVZFO
 "�
 'VDIT
 5� BOE -JQTPO
 )�

ŏ6OEFSTUBOEJOH OFVSBM OFUXPSLT UISPVHI EFFQ WJTVBMJ[BUJPO�Ő *$.- %- 8PSLTIPQ 
 ����



&WPMVDJ¯O EF MBT BSRVJUFDUVSBT



&WPMVDJ¯O EF MBT BSRVJUFDUVSBT



(PPHMF/FU � *ODFQUJPO

$� 4[FHFEZ
 8� -JV
 :� +JB
 1� 4FSNBOFU
 4� 3FFE
 %� "OHVFMPW
 %� &SIBO
 7� 7BOIPVDLF
 "� 3BCJOPWJDI
ŏ(PJOH EFFQFS XJUI DPOWPMVUJPOTŐ� $713 ����



$POFDUJWJEBE FO MB "SRVJUFDUVSB

$POFDUJWJEBE &TU�OEBS



$POFDUJWJEBE FO MB "SRVJUFDUVSB

$POFDUJWJEBE 3FTJEVBM 	TLJQ DPOOFDUJPOT


: Element-wise addition

)F
 ,BJNJOH
 9JBOHZV ;IBOH
 4IBPRJOH 3FO
 BOE +JBO 4VO�
ŏ%FFQ SFTJEVBM MFBSOJOH GPS JNBHF SFDPHOJUJPO�Ő $713 ����



$POFDUJWJEBE FO MB "SRVJUFDUVSB

$POFDUJWJEBE %FOTB 	EFOTFOFU


C C C C

: Channel-wise concatenationC

)VBOH
 (BP
 ;IVBOH -JV
 ,JMJBO 2� 8FJOCFSHFS
 BOE -BVSFOT WBO EFS .BBUFO�
ŏ%FOTFMZ DPOOFDUFE DPOWPMVUJPOBM OFUXPSLT�Ő $713 ����



&WPMVDJ¯O EF MBT BSRVJUFDUVSBT

AlexNet� ŏ1FRVF­BŐ QFSP NVDIB
NFNPSJB
 CBKB QSFDJTJ¯O
ResNet� "MUB QSFDJTJ¯O
 FţDJFODJB
NFEJB�CVFOB
GoogLeNet� .FEJB QSFDJTJ¯O

FYDFMFOUF FţDJFODJB
VGG� .VDIB NFNPSJB
 CBKB Fţ�
DJFODJB
 NFEJB QSFDJTJ¯O
Inception-v4:� &YDFMFOUF QSF�
DJTJ¯O
 NFEJB FţDJFODJB
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'SBNFXPSLT QBSB %FFQ -FBSOJOH 	$¯EJHP "CJFSUP




Aplicaciones



$MBTJţDBDJ¯O

,SJ[IFWTLZ
 "MFY
 *MZB 4VUTLFWFS
 (FPŢSFZ &� )JOUPO�
Ő*NBHFOFU DMBTTJţDBUJPO XJUI EFFQ DPOWPMVUJPOBM OFVSBM OFUXPSLT�Ő
 /*14 ����� 	��L DJUBT




7JTJ¯O "SUJţDJBM

*NBHFO UPNBEB EF DT���O 	4UBOGPSE
 � 'FJ�'FJ -J � +VTUJO +PIOTPO � 4FSFOB :FVOH



%FUFDDJ¯O

3FO
 4IBPRJOH
 ,BJNJOH )F
 3PTT (JSTIJDL
 BOE +JBO 4VO�
ŏ'BTUFS 3�$//� 5PXBSET SFBM�UJNF PCKFDU EFUFDUJPO XJUI SFHJPO QSPQPTBM OFUXPSLT�Ő /*14 ���� 	���L DJUBT




%FUFDDJ¯O 	'BTU�'BTUFS 3�$//


(JSTIJDL
 3�
 ŏ'BTU 3�$//Ő� $713 ����
ŏ'BTUFS 3�$//� 5PXBSET SFBM�UJNF PCKFDU EFUFDUJPO XJUI SFHJPO QSPQPTBM OFUXPSLT�Ő /*14 ����



4FHNFOUBDJ¯O

,BJNJOH )F
 (FPSHJB (LJPYBSJ
 1JPUS %PMM�S
 BOE 3PTT (JSTIJDL 
 ŏ.BTL 3�$//�Ő
 *$$7 ����



%FUFDDJ¯O EF 1PTF

;IF $BP BOE 5PNBT 4JNPO BOE 4IJI�&O 8FJ BOE :BTFS 4IFJLI
ŏ3FBMUJNF .VMUJ�1FSTPO �% 1PTF &TUJNBUJPO VTJOH 1BSU "ťOJUZ 'JFMET�Ő
 $713 ����



3FTUBVSBDJ¯O� EFCMVSSJOH
 TVQFSSFTPMVUJPO

4V
 4IVPDIFO
 .BVSJDJP %FMCSBDJP
 +VF 8BOH

(VJMMFSNP 4BQJSP
 8PMGHBOH )FJESJDI
 BOE 0MJWFS 8BOH
ŏ%FFQ WJEFP EFCMVSSJOH�Ő
 $713 ����

%POH
 $IBP
 $IFO $IBOHF -PZ
 ,BJNJOH )F
 9JBPPV 5BOH�
ŏ-FBSOJOH B EFFQ DPOWPMVUJPOBM OFUXPSL GPS JNBHF

TVQFS�SFTPMVUJPO�Ő
 &$$7 ����



%FFQ 7JEFP %FCMVSSJOH

4V
 4IVPDIFO
 .BVSJDJP %FMCSBDJP
 +VF 8BOH
 (VJMMFSNP 4BQJSP
 8PMGHBOH )FJESJDI
 BOE 0MJWFS 8BOH
ŏ%FFQ WJEFP EFCMVSSJOH�Ő
 $713 ����



%FFQ 7JEFP %FCMVSSJOH

4V
 4IVPDIFO
 .BVSJDJP %FMCSBDJP
 +VF 8BOH
 (VJMMFSNP 4BQJSP
 8PMGHBOH )FJESJDI
 BOE 0MJWFS 8BOH
ŏ%FFQ WJEFP EFCMVSSJOH�Ő
 $713 ����



*NBHF $BQUJPOJOH

4MJEF UPNBEB EF DT���O 	4UBOGPSE
 � 'FJ�'FJ -J � +VTUJO +PIOTPO � 4FSFOB :FVOH



&YUSBDDJ¯O EF 'FBUVSFT

Ŕ &YUSBFS features VUJMJ[BOEP SFE $// QSFFOUSFOBEB 	F�H�
 7((���
�
Ŕ -B SFE TF ŏDPSUBŐ FO VOB DBQB JOUFSNFEJB� NBQB EF GFBUVSFT



&YUSBDDJ¯O EF 'FBUVSFT

Ŕ &YUSBFS features VUJMJ[BOEP SFE $// QSFFOUSFOBEB 	F�H�
 7((���
�
Ŕ -B SFE TF ŏDPSUBŐ FO VOB DBQB JOUFSNFEJB� NBQB EF GFBUVSFT



%FUFDDJ¯O EF DBODFS EF QJFM

)BFOTTMF
 )�"�
 FU BM�
 .BO BHBJOTU NBDIJOF� EJBHOPTUJD QFSGPSNBODF PG B EFFQ MFBSOJOH DPOWPMVUJPOBM
OFVSBM OFUXPSL GPS EFSNPTDPQJD NFMBOPNB SFDPHOJUJPO JO DPNQBSJTPO UP �� EFSNBUPMPHJTUT
"OOBMT PG 0ODPMPHZ
 .BZ ����



%FUFDDJ¯O EF DBODFS EF QJFM

)BFOTTMF
 )�"�
 FU BM�
 .BO BHBJOTU NBDIJOF� EJBHOPTUJD QFSGPSNBODF PG B EFFQ MFBSOJOH DPOWPMVUJPOBM
OFVSBM OFUXPSL GPS EFSNPTDPQJD NFMBOPNB SFDPHOJUJPO JO DPNQBSJTPO UP �� EFSNBUPMPHJTUT
"OOBMT PG 0ODPMPHZ
 .BZ ����



%FUFDDJ¯O EF DBODFS EF QJFM

)BFOTTMF
 )�"�
 FU BM�
 .BO BHBJOTU NBDIJOF� EJBHOPTUJD QFSGPSNBODF PG B EFFQ MFBSOJOH DPOWPMVUJPOBM
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 .BZ ����



4©OUFTJT EF 5FYUVSB
 $PQB EF &TUJMP

Ŕ 4FQBSBS UFYUVSB EF FTUJMP FO JN�HFOFT

(BUZT FU BM� ����



4©OUFTJT EF 5FYUVSB
 $PQB EF &TUJMP

Ŕ 4FQBSBS UFYUVSB EF FTUJMP FO JN�HFOFT

(BUZT FU BM� ����



3FJOGPSDFNFOU -FBSOJOH

Ŕ "QSFOEJ[BKF QPS SFGVFS[PT 	SFJOGPSDFNFOU MFBSOJOH

Ŕ %FFQ.JOE� "UBSJ HBNFT Z "MQIB (P



3FJOGPSDFNFOU -FBSOJOH

Ŕ "QSFOEJ[BKF QPS SFGVFS[PT 	SFJOGPSDFNFOU MFBSOJOH

Ŕ %FFQ.JOE� "UBSJ HBNFT Z "MQIB (P



(FOFSBUJWF "EWFSTBSJBM /FUXPSLT

Ŕ &OUSFOBNJFOUP FO CBTF B VOB DPNQFUFODJB FOUSF EPT KVHBEPSFT

Ŕ Generator Network: 5SBUBS EF HFOFSBS NVFTUSBT SFBMJTUBT RVF
DPOGVOEBO BM EJTDSJNJOBEPS

Ŕ Discriminator Network: 5SBUBS EF EJTUJOHVJS FOUSF NVFTUSBT SFBMFT P
TJOU¥UJDBT 	HFOFSBEBT QPS FM HFOFSBEPS


(PPEGFMMPX
 *�
 1PVHFU�"CBEJF
 +�
 .JS[B
 .�
 9V
 #�
 8BSEF�'BSMFZ
 %�
 0[BJS
 4�
 $PVSWJMMF
 "� BOE #FOHJP
 :�

ŏ(FOFSBUJWF BEWFSTBSJBM OFUT� *O "EWBODFT JO OFVSBM JOGPSNBUJPO QSPDFTTJOH TZTUFNTŐ
 /*14 ����
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(FOFSBUJWF "EWFSTBSJBM /FUXPSLT
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z

random 
noise

generator
network

discriminator
network

real images 
(training set)

fake image 

Real? 
or 

fake?

(PPEGFMMPX
 *�
 1PVHFU�"CBEJF
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 .JS[B
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 9V
 #�
 8BSEF�'BSMFZ
 %�
 0[BJS
 4�
 $PVSWJMMF
 "� BOE #FOHJP
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(FOFSBUJWF "EWFSTBSJBM /FUXPSLT

5FSP ,BSSBT
 5JNP "JMB
 4BNVMJ -BJOF
 +BBLLP -FIUJOFO
ŏ1SPHSFTTJWF (SPXJOH PG ("/T GPS *NQSPWFE 2VBMJUZ
 4UBCJMJUZ
 BOE 7BSJBUJPOŐ
 4VCNJUUFE UP *$-3 ����



%JTDVTJ¯O� MP RVF TBCFNPT

Ŕ &M Aprendizaje Profundo FYJTUF Z funciona �


Ŕ &O DBTJ UPEPT MPT QSPCMFNBT EF Visión FT FTUBEP EFM BSUF

Ŕ Clave: )BSEXBSF � .BTJWJEBE EF EBUPT � "TUVDJBT EF
FOUSFOBNJFOUP�BSRVJUFDUVSB

Ŕ 5¥DOJDBT EF EJTF­P�FOUSFOBNJFOUP RVF GVODJPOBO FO NVDIBT
PDBTJPOFT 	"%".
 TLJQ DPOOFDUJPOT
 CBUDI OPSNBMJ[BUJPO
���


Ŕ 5FDOPMPH©B SFMBUJWBNFOUF NBEVSB� 7BSJBT CJCMJPUFDBT BCJFSUBT

DPO HSBO TPQPSUF Z CVFOB EPDVNFOUBDJ¯O 	F�H�
 5FOTPSŤPX

1ZUPSDI




%JTDVTJ¯O� MP RVF OPT HVTUBS©B TBCFS

Ŕ Teoría: 'BMUB FOUFOEFS N�T FO QSPGVOEJEBE�

Ŕ $BQBDJEBE EF MPT NPEFMPT 	{TPCSFBKVTUF 


Ŕ {$¯NP FOUSFOBS {$¯NP FWJUBS N©OJNPT MPDBMFT
 QVOUPT TJMMB 

Ŕ "QSFOEJ[BKF OP TVQFSWJTBEP
 QPS SFGVFS[P

Ŕ 5SBOTGFSFODJB EF DPOPDJNJFOUP � "QSFOEJ[BKF "DUJWP

Ŕ %FFQ MFBSOJOH WFSTVT #JPMPH©B

Ŕ {$¯NP BSNBS BSRVJUFDUVSBT RVF GVODJPOFO ŏTJFNQSFŐ 

Ŕ {$V�OUPT EBUPT FT CJH EBUB {0OF TIPU MFBSOJOH 

Ŕ .FKPSBS FOUFOEJNJFOUP EF SFQSFTFOUBDJPOFT�

Ŕ .PEFMPT HFOFSBUJWPT


